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Description
BACKGROUND
1. FIELD OF THE INVENTION

Our invention relates generally to microwave
radio communications assembly and design, and
more particularly to a relatively lightweight, com-
pact, and inexpensive directional microwave filter
that can be tuned to provide an elliptic filter func-
tion. Such filters have many applications, but are
especially useful in frequency multiplexers and de-
multiplexers for communications satellites.

For purposes of this document, the term
"microwave" encompasses regions of the radio-
wave spectrum which are close enough to the
microwave region to permit practical use of hard-
ware similar to microwave hardware -- though larg-
er or smaller.

2. DEFINITIONS AND SYSTEM CONSIDER-
ATIONS

This document is written for persons skilled in
the art of microwave component assembly and
design --namely, for microwave technicians and
routine-design engineers.

Very generally, a multiplexer is a device for
combining several different individual signals to
form a composite signal for common transmission
at one site and common reception elsewhere. Typi-
cally the several individual signals carry respective
different intelligence contents that must be sorted
out from the composite after reception; hence the
multiplexing process must entail placement of
some kind of "tag" on the separate signals before
combining them.

The multiplexers of interest here are frequency
multiplexers, in which the "tag" placed upon each
signal is a separate frequency -- or, more pre-
cisely, a separate narrow band of frequencies.
Each signal is assigned a respective frequency
band or "channel" and is fransmitted only on that
band, but simultaneously with all the other signals.

After reception the several intelligence contents
are resegregated (demultipiexed) by isolating the
components of the composite signal that are re-
spectively in the assigned frequency bands. Each
intelligence stream is thus directed to a respective
separate device for storage, interpretation, or utili-
zation.

In satellite operations the transmission is by
radio through the ether, and all the signals are
transmitted through a common antenna. Operations
in the microwave region (as defined above) are
most customary.

A microwave frequency muliiplexer generally
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consists of several frequency-selective devices,
termed ™filters," positioned along a combining
manifold. Such a manifold is essentially a pipe or
"waveguide" of rectangular or circular cross-sec-
tion, through which microwave radiation propagates
in ways that are well-known to those skilled in the
art --namely, microwave technicians and design
engineers.

Separate sources of intelligence-modulated but
usually broadband microwave signals respectively
feed the filters. "Broadband"” means spanning a
frequency band that is considerably broader than
the narrow band assigned to each intelligence
channel. Usually each source feeds its respective
filter through another short piece of waveguide.

The details of generating these broadband sig-
nals and modulating them with intelligence that is
to be transmitted, as well as the details of the
fransmission and reception process, are outside the
scope of this document. The means used for de-
multiplexing after reception, however, are within the
present discussion. At least in principle, most mui-
tiplexers if simply connected up in the reverse
direction act as demultiplexers. As will be seen,
however, demultiplexers for ground stations or for
very large craft are not subject to such severe
mass and size constrainis as demultiplexers for
communication satellites. For simplicity in most of
the discussion that follows, we refer only to mul-
tiplexers.

Each of the several filters in a multiplexer is
assigned a frequency band generally different from
that which is assigned to all the others. Each filter
is constructed and adjusted so that it permits most
of the microwave radiation within its band to pass
on into the manifold -- and so that it stops most of
the radiation outside its band (in either direction
along the frequency spectrum). These two frequen-
cy categories with respect to any particular filter
are accordingly sometimes called the "pass band"
and "stop band" of the filter.

Design requirements for multiplexers on small
spacecraft include several constraints which have
been extremely difficult to satisfy in combination.
Although particularly troublesome in communica-
tions repeater satellites and the like, many of these
constraints are common to multiplexers and filters
generally, as will be seen.

First, it is highly desirable to minimize the
overall weight and bulk of spaceflight equipment,
with reasonably low cost. This consideration is par-
ticularly important to bear in mind because here-
tofore the best solution for most of the other con-
straints in this field has required such high overall
weight, bulk, and cost as to be completely unac-
ceptable.

Second, it is highly desirable to minimize both
the overall use of electrical power and the dissipa-
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tion of electrical power as heat within communica-
tions components. The overall power to the com-
munications system must be supplied from the
spacecraft power supply, which is limited. Overall
communications-system power includes not only
the desired output power to the antenna, but also
the dissipation losses in components, including fil-
ters. Moreover, each instance of significant heat
dissipation complicates the overall thermal-balance
design of the craft. Both these considerations favor
components, including filters, that dissipate very
little power. In other words, it is preferable to use
filters with very high "Q" or quality.

Third, it is desirable that all of the sources
make essentially equal power contributions to the
composite signal. Otherwise the overall power to
the antenna must be increased as required to
transmit the weakest channel stream with an ade-
quate ratio of signal to background noise, and this
increase wastes power in all the other channels.

This channel-equalization consideration is very
closely related to the low-dissipation concern dis-
cussed above, but only in certain cases. The op-
erating principle of some filters requires a mul-
fiplexer layout in which the output of one filter
passes through other "downstream™ filters en route
to the antenna. In such a multiplexer the dissipation
which each other filter imposes upon the signal
from the upstream filter is cumulative. Signals from
upstream filters are subject to more power loss in
dissipation than signals from downstream filters.
Consequently to the extent that the individual filters
are dissipative the source power in different chan-
nels is differently attenuated, or unequalized, in
approaching the antenna.

Channel equalization is of relatively small im-
portance, because inequalities in the coupling be-
tween each source and the antenna can be com-
pensated by adjusting the power outputs of all the
sources. Nonetheless, a practical convenience of
some value is obtained by using a mulitiplexer
system that intrinsically produces interchannel
power equalization. Some filter types have this
property intrinsically and others do not.

Fourth, symmeirical distribution of both weight
and thermal dissipation is very desirable in
spacecraft. Without such symmetry the control of
maneuvers and of thermal balance are more severe
problems. These considerations not only accen-
tuate the desirability of low overall weight, low
overall electricity consumption and low dissipation
in individual components, but also place a premium
upon the designer's freedom to position sizable
electronic components arbitrarily. Hence it is desir-
able to be able o position multiplexer filters at will
along the multiplexer manifold. Such arbitrary posi-
tioning is possible with certain kinds of filters but
not others, as will be detailed beiow.

70

15

20

25

30

35

40

45

50

55

Fifth, it is extremely desirable to provide filters
that can be both positioned and tuned indepen-
dently of one another. Otherwise installation and
adjustment are an extremely delicate, protracted
and sometimes iterative procedure, contributing
significantly to the overall cost of the apparatus.
Here too, certain types of filters are nearly in-
dependent of their neighbors along a multiplexer
manifold, while other types are not.

Sixth, in virtually all spacecraft communications
applications, practical economics requires providing
as many communications channeis as possible
within the overall waveband of the spacecraft trans-
mitter. This condition has led to routine specifica-
tion of rather narrow wavebands for each channel,
and even more significantly to very narrow "guard”
bands -- unused frequency bands that separate the
channels to avoid crosstalk between adjacent chan-
nels. In other words, close spacing of frequencies
in the frequency-multiplexer overall frequency band
is nowadays a fixed requirement.

Consequently filters must be used that provide
good isolation of adjacent channels even though
their spacing in the frequency spectrum is very
slight. This means that it is necessary to inquire
into the precise manner in which the signal-passing
properties of a filter change with frequency. If the
fransmission of a filter is plotted against frequency,
the resulting graph or curve illustrates the "filter
function™ or "shape" or "cutoff characteristic” of
the filter. These are of crucial importance.

Ideally such a graph shows very high values of
transmission within the passband and very low
values elsewhere. Further, in such a graph the lines
at both edges of 11e04a86b13d33connecting the
high-transmission portion of the characteristic curve
in the passband with the low-transmission portions
elsewhere, ideally are almost vertical. In other
words, the ideal filter provides a very sharp
"cutoff.”

Of course the same ideas can be expressed in
terms of a graph of attenuation vs. frequency: the
ideal filter function shows very low values of attenu-
ation in a "notch" region defining the passband,
very high attenuation at both sides, and essentially
vertical lines representing the sharp cutoff char-
acteristic at both sides of the noich.

Certain types of filters, but not others, provide
adequate attenuation and adequately sharp cutoff
for satellite microwave communications.

3. PRIOR ART

A basic microwave filter consists essentially of
a resonant chamber -- typically a metallic cylinder,
sphere, or parallelepiped -- that is made to support
an electromagnetic standing wave or resonance in
the contained space.
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As is well-known, electromagnsetic energy at
any frequency has an associated wavelength and
fends to resonate in a chamber whose dimensions
are appropriately related to that wavelength. A filter
chamber or cavity is constructed to approximately
correct dimensions for a desired resonant frequen-
cy and is then tuned, generally by adjustment of
tuning "stubs" or screws that protrude inwardly into
the chamber, o vary the electromagnetically effec-
tive dimensions.

A single resonant cavity, when used to support
within it a single electromagnetic resonance, works
only in an exiremely narrow band of frequencies. In

the ideal "lossless" resonator the frequency band

is theoretically infinitesimal. In any practical reso-
nant chamber, however, there are some losses
--due to electrical conduction induced in the cham-
ber walls by the electromagnetic fields in the con-
tained space -- and associated with these losses is
a very slight broadening of the frequency band of
the individual resonating chamber.

If broadband microwave power is introduced
into such a chamber (through an entry iris, for
instance) whatever portion of the input power is
oscillating at frequencies within the frequency band
of the chamber will "excite" the chamber. In other
words, such power is capable of accumulating as
energy in an electromagnetic standing wave within
the chamber. Some of this energy may be drawn
out of the chamber (through a suitably positioned
exit iris, for instance) as narrowband power. What-
ever portion of the input power is oscillating at
frequencies outside the frequency band of the
chamber will not excite the chamber significantly,
and cannot be drawn off in significant quantities.
The chamber simply rejects such vibrations.

Taking a conceptual overview of such a cham-
ber (and its two irises, or equivalent input and
output features), the chamber operates as a filter
--permitting only power in a narrow frequency band
to pass from entry to exit. A standard treatise
describing the theory and some practical proce-
dures for assembly and adjustment of microwave
filters is Matthaei, Young and Jones, Microwave
Filters, Impedance-Matching Networks, and Cou-
pling Structures (McGraw-Hill 1964, reprinted Ar-
tech House, Dedham Mass. 1980). A useful refer-
ence work is Saad, Hansen and Wheeler, Micro-
wave Engineers’ Handbook (two volumes, Artech
House 1971).

In practice two or more such chambers are
generally assembled to form a series of resonators.
If the individual chambers are tuned to slightly
different frequencies, the overall assemblage sup-
ports a resonance that is slightly degraded but that
extends over a frequency range which is signifi-
cantly broadened, encompassing the two or more
frequency ranges of the different chambers. This
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broadening may be useful in various ways -- for
instance, to accommodate frequency drift with tem-
perature, or Doppler shifts due to relative velocity
of transmitter and receiver.

Broadband microwave power may then be in-
troduced into, for example, one end of the series of
chambers, and that portion of the power that is
oscillating at a frequency within the broadened
passband can be drawn away from, for example,
the other end of the series of chambers.

The technique used for coupling power from a
filter to a manifold or other waveguide is very
important to multiplexer performance. Before 1957
the best available arrangement was the "short-
circuited manifold." This technique made use of a
well-known property of resonator cavities, not only
electromagnetic but also acoustic and other types.
A solid wall can be placed completely across such
a chamber without interfering with the resonance,
provided that the wall is positioned at a "node" of
the resonance -- in other words, at a point where
the standing wave is always zero anyway.

This condition is satisfied, for example, by
"driving" the resonance (pumping energy in) at a
distance of one-quarter wavelength from the wall,
where the corresponding standing wave should
have a maximum. Several resonances at respective
different frequencies can be established in the
same resonator by supplying the driving energy at
the corresponding quarter-wavelengths from the
end wall. Such multiple resonances can be present
one at a time, or -~ with certain modifications --
simultaneously.

In the microwave field an end wall is elec-
trically a short circuit; hence the term “shori-cir-
cuited manifold." To form a muitiplexer using this
configuration, each filter must be positioned, in
effect, a quarter-wavelength from the short-circuit-
ing end wall. Since different frequencies corre-
spond to different wavelengths, the various filters
are at slightly different distances from the wall.

This elementary configuration has several ad-
vantages. For one, no exfra components are re-
quired to couple the filters to the manifold. Weight,
bulk and cost therefore are moderate, and can be
minimized by modern techniques which use each
chamber for iwo or even three different resonances
-- "dual mode" or "tri mode" cavities.

Though dual-mode filters were proposed by
Ragan in 1948 (Microwave Transmission Circuits,
MIT Radiation Laboratory Series 9 673-77,
McGraw-Hill), a first practical realization of such
filters seems fo have been introduced by Atia and
Williams, in a paper entitled "New Types of
Waveguide Bandpass Filters for Satellite Transpon-
ders," Comsat Technical Review 1 21-43 (fall
1971). -

Similarly, tri-mode filiers were described by
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Currie in 1953 ("The Ulilization of Degenerate
Modes in a Spherical Cavity," Journal of Applied
Physics 24 998-1003, August 1953), but a practical
two-cavity tri-mode filter remained to be disclosed
by Young and Griffin in United States Patent
4,410,865, issued in 1983.

In multiplexers using the short-circuited-mani-
fold technique the dissipation is also low, and very
little of the power from each filter passes through
any of the other filters; hence there is no serious
interchannel power imbalance.

Thus the short-circuited-manifold technique
performs satisfactorily with respect to the first three
considerations discussed in the preceding section.

Furthermore, the short-circuited-manifold tech-
nique is amenable to extremely sophisticated mod-
ern methods for shaping the attenuation noich of
each filter. These methods provide sharp cutoffs
and thereby permit very narrow guard bands.

More specifically, these methods entail provid-
ing not just one sequence of couplings between the
multiple resonances in a series of resonant cham-
bers, but two or even several different "routes”
from one resonance in the series to later resonan-
ces. The complete series, taken one step at a time
from the entry resonance to the exit resonance, is
usually called the "direct" coupling seqguence.
Some couplings in these modern systems, how-
ever, jump across what could be called "shortcuts”
between two resonances in the direct-coupling se-
quence. These couplings are usually called
"pridge" couplings.

When the bridge couplings are suitably de-
signed, they produce resonances that are in the
same orientation and location as those produced
by the direct couplings, and of nearly equal am-
plitude, but exactly out of phase. The sum of these
two resonances is a single standing wave of very
small amplitude --or, in other words, a single reso-
nance that is very strongly attenuated. The diamet-
rical phase difference is thus used to consiruct a
transmission node -- an attenuation maximum -- in
the response of the overall cavity assemblage. In
practice, not one but two such attenuation maxima
are forced to occur at certain frequencies imme-
diately adjacent to the minimum-attenuation notch.
In this way a very sharp cutoff is sculpted at each
side of the noftch.

Details of these bridge-coupling techniques are
set forth clearly in the above-mentioned disclosures
of dual- and tri-mode filters, and in other works.
The sharp cutoffs achieved are generally called
"elliptic® filter functions, since the mathematical
functions known as "elliptic functions™ can be used
to construct the corresponding graphs. Similar per-
formance, however, can also be obtained with
"quasi-elliptic" filter functions. These are polynomi-
als arbitrarily constructed by numerical methods;
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their coefficients do not correspond to any estab-
lished mathematical function, but are selected sim-
ply because they vyield the desired microwave fil-
tering results.

The short-circuited-manifold technique thus
performs admirably in regard to the sixth consider-
ation discussed above, as well as the first three. It
does, however, present two major problems.

First, the filters in a short-circuited-manifold
muitiplexer are necessarily fixed in location relative
to the shori-circuiting wall, and in practice they are
very close to one another. Symmetrical weight and
dissipation distribution of a unitary multiplexer is
therefore impossible.

Further, and even more troublesome, the op-
eration of each filter is perturbed by the operation
of all the others, so that the actual distance of each
filter from the end wall must be an "effective”
quarter-wavelength that differs substantially from
the distance for that filter operating alone.

These effective quarter-wavelengths must be
worked out either by a theoretical analysis (which
is typically subject to variation in the actual hard-
ware) or by an iterative process of adjusting and
readjusting all of the filters in turn. Even when that
has been done, variations in the relative operating
levels of the sources in the several channels can
change the effective quarter-wave positions. Con-
sequently the best solution is only a sort of com-
promise for typical or average operating levels.

Positioning and tuning independence, as well
as symmetrical weight and dissipation distribution,
is therefore unavailable in this otherwise useful
technique. Many workers have sought a configura-
tion which could provide the missing advantages.

In 1957 Conrad Nelson introduced a "new
group of circularly polarized microwave cavity fil-
ters" which in fact possessed these advantages
("Circularly Polarized Microwave Cavity Filters,”
IRE Transactions on Microwave Theory and Tech-
niques, April 1957, 136-47). T

When properly positioned relative to an input
waveguide through which suitable electromagnetic
radiation is propagating, a Nelson filter receives
circularly polarized radiation from that waveguide
through an entry iris. A Nelson filter also presents
circularly polarized radiation of the same sense at
an exit iris.

It does so, however, in a frequency-selective
manner. Speaking generally, radiation that is within
the frequency "passband" of such a filter is coup-
led through the filter, appearing as circularly po-
larized radiation at the exit iris, but other radiation
is simply rejected at the entry iris and continues
along the input waveguide.

When an output waveguide is also properly
positioned at the exit iris, there is established in the
output waveguide a propagating radiation pattern
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that has the same direction of propzzation as the
source radiation in the input waveguide.

Hence Nelson provided a three-port device.
Broadband radiation enters along one waveguide
from one direction (the "origin™ end of the input
waveguide serving as an input port), and radiation
in the stop band continues straight along the same
waveguide in the same direction (the "destination"
end of the same waveguide guide serving as an
output port). Radiation in the pass band takes a
dogleg "jog" (and in some configurations turns a
corner) and leaves the filter through a second
waveguide, which serves as an output port. Since
the direction of propagation in all three poris is
completely defined, such a filter is often called a
"directional” filter.

Four key facts make Nelson's filter practical.
First, on the broad face of nearly every rectangular
waveguide there are two lines, parallel to the length
of the guide, which represent positions of circular
polarization inside the guide. These loci are spaced
a known and readily measured distance from the
narrower face of the guide. Appropriately shaped
irises cut through the broad face of the guide at
any point along either line will tap circularly po-
larized radiation out of the waveguide.

Second, circularly polarized radiation coupied
into Nelson's filter cavity through an iris in the
cavity wall can be resolved into its two constituent
linearly polarized components for purposes of es-
tablishing standing wave structures within the cav-
ity.

Third, these linearly polarized components can
be recombined at another point on the cavity wall
o resynthesize circularly polarized radiation, which
in turn can be tapped out of the resonant cavity
through an iris at this other point into an output
guide.

Fourth, the circularly polarized radiation can be
coupled into another waveguide along one of the
circular-polarization loci to reconstruct a propagat-
ing wave front representing power flow along the
guide.

Now as to multipiexer construction, several of
Nelson's filters can be laid out with a single con-
finuous manifold pipe serving as the output
waveguide for all of the filters in common. The
several filters all feed this single continuous
waveguide in parallel. The power from all of the
filters accordingly comes together for the first time
in the combining manifold. Power for each channel
thus passes through only one filter.

Most properties of Nelson's directional filters
are highly favorable for applications of interest
here. In particular, these filters have exceedingly
low weight, bulk, cost, and electrical dissipation
(high Q).

If it were necessary to pass power for some
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channels through filters for other channels, inter-
channel equalization using Nelson's directional fil-
ters would nevertheless be good, since their dis-
sipation is so low. Not even this minor imbalance,
however, is incurred since power for only one
channel passes through each filter proper.

Power for all of the channels -~ whether they
are upstream or downstream along the manifold --
at most merely passes by the exit irises of filters
for other channels. In these transits there is essen-
tially negligible coupling to those other filters and
negligible power loss. Interchannel equalization is
therefore an intrinsic advantage of the Nelson di-
rectional filter.

Furthermore, the Nelson filter may be posi-
tioned at any point longitudinally along the input
waveguide and also at any point longitudinally
along the band-pass output waveguide (i. e., the
manifold), provided only that it is positioned at the
correct point tfransversely with respect to each
waveguide.

That correct point is anywhere along the re-
spective loci mentioned earlier, where circularly
polarized radiation may be (1) tapped off from
radiation propagating along the input waveguide,
and may be (2) inserted into the output waveguide
to reconstruct radiation propagating along the out-
put waveguide. This restriction is very easily met,
since it requires only centering a coupling iris at a
measured distance from either side of the
waveguide.

Thus Nelson's filters perform very well as to
the first five considerations outlined in the preced-
ing section. Unfortunately, however, they fail in
regard to the sixth.

The Nelson devices are incapable of being
tuned to provide elliptic or quasi-elliptic filter func-
tions. Their optimal operation is achieved with tun-
ing to provide a filter function that is known var-
iously as a "Tchebychev," "Tchebyscheff" or
"Chebyshef"” function -- and this function offers
less sharp cutoffs than the elliptic or quasi-elliptic
functions.

If only the width of the frequency interval of
minimum attenuation (maximum {ransmission) is
taken into account, the Tchebychev function pro-
vides an adequately narrow passband. The very
bottom of the "notch" shape on the attenuation
graph is sufficiently narrow, and it is otherwise
suitable.

Turning to the shape of the notch at slightly
higher attenuation (lower transmission) values, how-
ever, the "cutoff characteristic" is found io be
unacceptably broad or shallow in profile. With a
Tchebychev filter function, excessive power is
leaked from each channel into the adjacent fre-
quency regions -~ introducing either an unaccep-
tably wide guard-band design requirement or ex-
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cessive crosstalk.

Thus while the shori-circuited-manifold tech-
nique suffers from inflexible and interdependent
positioning requirements, Nelson's configurations
suffer from inadequate sharpness of cutoff. It has
been well established in the literature that these
respective deficiencies are unavoidable intrinsic
drawbacks of the operating principles involved in
these devices.

The reason, in fact, for inability of the Nelson
concept to yield elliptic filtering is closely tied to its
very advantages. The input circularly polarized ra-
diation at the entry iris is resolved within the filter
cavity into its constituent horizontally and vertically
polarized components. In all of Nelson's many de-
signs, the cavity treats these two components iden-
tically -- and it has appeared that they must be so
freated, since they recombine at the exit iris to
resynthesize circularly polarized radiation. The re-
synthesis must be exact to obtain nearly pure
circular polarization, and this in turn is required to
avoid loss or reflection in the recoupling of cir-
cularly polarized radiation out to the output
waveguide to reconstruct a wave propagating to-
ward the antenna.

No one has been able to perceive any way of
providing bridge couplings for the linearly polarized
components within Nelson's unitary cavity, without
destroying their characteristic and crucial recom-
binability. In effect there appears to be a sort of
conceptual trap associated with Nelson's appealin-
gly convenient technique of coupling circularly po-
larized radiation from any point along the source
loci: once coupled into the filter, if the circularly
polarized radiation is to be resynthesized at an exit
iris it is beyond reach, or at least not fo be dis-
turbed.

In the literature, however, there appears one
other type of directional filter capable of elliptic or
quasi-elliptic filter functions. This device is due to
Gruner and Williams, who introduced it as "A low-
loss multiplexer for satellite earth terminals,” Com-
sat Technical Review 5 157-77 (spring 1975). =
" Gruner and Williams avoided the seeming trap
of the Nelson circular-polarization system, starting
instead with a linearly polarized propagating radi-
ation pattern that is frontally collected as it moves
through a waveguide. They first direct this
wavefront into one port of a device known as a
"hybrid" or "quadrature hybrid.” This hybrid is
used as an input device for the Gruner and Wil-
liams filter assembly.

A hybrid is a four-port device which has two
key properties. For definiteness of discussion the
ports of a hybrid will be identified as ports number
one through four. The first essential property of a
hybrid is that a wavefront entering at port one is
split into two equal wavefronts of different phase,
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and emitted with a well-defined phase relationship
at ports three and four. The device works in re-
verse as well -- that is, two equal wavefronis in
correct phase supplied at ports three and four are
combined into a single wavefront and emitted at
port one.

If wavefronts emitted at ports three and four
are reflected, however, by devices placed at these
ports, due to the phase reversal in reflection the
phase relationship of the two reflected wavefronts
is incorrect for return of the power to port one.
Rather, and this is the second essential property of
a hybrid, the reflected power flows out through the
remaining port -- port two -- of the hybrid.

In the system of Gruner and Williams, the two
equal power flows leaving the hybrid separately at
ports three and four reach two respective filters,
each capable of elliptic or quasi-elliptic function.
The broadband power in the stop band is reflected
from these filters and leaves the hybrid at port two
--where it is absorbed in an attenuator provided for
the purpose. The power in the pass band, however,
proceeds through the filters. As the filters are iden-
tical they preserve the phase relationship between
the two wavefronts.

The pass-band output wavefronts from the two
filters then enter ports three and four of another
hybrid, which for definiteness we wiil call the
"output hybrid.” The output hybrid recombines the
output wavefronis into a single wavefront having a
narrow frequency band, and directs the single
wavefront out through port one and into an output
waveguide, propagating in a particular direction to-
ward the antenna.

Since the Gruner and Williams system is direc-
tional, it has some potential for avoiding the posi-
tioning limitations of the short-circuited-manifold
technique and therefore is of interest for multi-
plexer construction. Each channel of such a mul-
tiplexer requires an input hybrid and an output
hybrid, as well as two complete elliptic-function
filter assemblies.

The basic principle of this system is in a very
abstract sense analogous to that of Nelson: a prop-
agation direction of a single signal is translated into
a phase relationship of two component signals, and
the phase relationship is subsequently franslated
back into a propagation direction for the recom-
bined signal. Between the two ftranslation steps,
however, for purposes of bridge-coupling filter pro-
cedures there is a crucial difference: the two com-
ponent signals are inexiricably associated with
each other and therefore inaccessible in Nelson,
but separated and therefore accessible in Gruner
and Williams.

In a Gruner and Williams multiplexer the output
power from each output hybrid does not proceed
directly to the antenna, unless the hybrid under
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consideration happens to be that one which is
geometrically nearest the antenna. The power from
any upstream output hybrid is directed instead into
port two of a respective adjacent output hybrid. For
definiteness this latter will be called the "second
hybrid." Since this power is in the stop band of the
filters associated with the second hybrid, the power
is reflected from the filters and leaves the second
hybrid at port one.

As will be recalled, it is port one through which
the output power from the filters associated with
this second hybrid is emitted. Consequently the
power from two channels is combined at port one
of the second hybrid. If this power in turn is simi-
larly directed into port two of yet a third output
hybrid, adjacent to and further downstream from
the second hybrid, the power from three channels
will appear at port one of this third hybrid.

Thus there is no combining manifold as such;
rather the power flows for the several channels are
accumulated by successive passage through the
corresponding output hybrids. This system attains
two of the principal advantages of directional filters
--arbitrary positioning of the hardware for the sev-
eral channels, and a degree of tuning indepen-
dence.

There are, however, two serious drawbacks.
Although the filter cavities themselves can be made
very compact and light by the plural-mode tech-
niques mentioned earlier, the hybrids are bulky and
heavy. It is for this reason that Gruner and Williams
offered their innovation as an "earth terminal." For
this reason alone the hybrids would be impractical
for satellite applications.

In addition, the hybrids are very costly, and
have relatively high dissipation loss -- as compared
with either the short-circuit technique or the
circular-polarization couplings of Nelson. While this
loss may be negligible with respect to overall pow-
er consumption, it is significant with respect to the
spatial distribution of heat dissipation. The cumula-
tive way in which the system collects signals from
the several channels by passage through the out-
put hybrids leads to highest power flow in the
"downstream" output hybrids. Dissipation is there-
fore distributed in a very nonuniform fashion, being
concentrated in the downstream output hybrids.

Dissipation loss in the output hybrids is also
significant with respect to interchannel equalization.
The cumulative collection of signals leads to great-
est signal loss in the signals from the upstream
hybrids. The power level in the signal sources
feeding the upstream filters must therefore be ad-
justed to compensate.

In summary, the Gruner and Williams system
satisfies the fifth and sixth considerations men-
tioned in the preceding section -- tuning indepen-
dence and sharpness of cutoff. in purest theory it
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also satisfies part of the fourth consideration,
weight distribution: the hardware for each channel
can be separated by arbitrary distances from the
hardware for other channels. This theorstical bene-
fit is not useful, however, since the weight to be
distributed is excessive. As to the first three con-
siderations and the other part of the fourth, heat
distribution, the Gruner and Williams system is
unacceptable for efficient spacecraft design.

No prior system operates satisfactorily with re-
spect to all six considerations outlined above.
Weight, bulk, and sharpness of cutoff generally
have been accorded the highest priority, leading to
use of the short-circuited-manifold technique in
most modern satellites -- despite the associated
asymmetiry of weight and dissipation, and inter-
dependence of tuning.

A further filter is known from IEEE Transactions
on Microwave Theory and Techniques, Vol. MTT-
32, No.11, Nov.84, (New York, US), pages 1449-
1454, entitled "A true eliiptic-function filter using
triple-mode degenerate cavities", by Wai-Cheung
Tang et al. This document discloses a six-pole
triple-mode filter capable of a true elliptic-function
response, this being achieved by using an inter-
cavity iris structure which can control three
intercavity-mode couplings simultaneously.

According to the present invention, there is
provided a filter for frequency-selective coupling of
electromagnetic radiation from an input waveguide
to an output waveguide; said filter comprising: an
array of at least four resonant cavities, including an
entry cavity, an exit cavity, and at least first and
second intermediate cavities; the entry and exit
cavities, together with the first intermediate cavity
and mode-selective irises therebetween, defining a
first path for transmission of electromagnetic radi-
ation from the entry cavity to the exit cavity; the
entry and exit cavities, together with the second
intermediate cavity and mode-selective irises there-
between, defining a second path for transmission of
electromagnetic radiation from the eniry cavity to
the exit cavity; electromagnetic radiation in the first
and second paths being combined, during opera-
tion of the filter, in the exit cavity; and each of the
first and second paths independently being particu-
larly configured to provide a filter function as be-
tween radiation in the entry cavity and radiation in
the exit cavity; characterised in that each of said
cavities supports electromagnetic resonance in
each of three mutually orthogonal modes during
operation of the filter.

A filter according to the classifying clause of
the preceding paragraph is known from United
States Patent No. US-A-4267537.

Our invention is a directional filter for
frequency-selective coupling of circularly polarized
electromagnetic radiation from an input waveguide
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to an output waveguide.

In one preferred form or embodiment, our in-
vention includes an entry resonant cavity that is
coupled to accept the circularly polarized radiation
from the input waveguide. One convenient way to
provide this coupling is to tap circularly polarized
radiation out of the input waveguide through a
suitably shaped iris defined in the waveguide at
some point along the loci mentioned earlier. This
entry cavity is adapted to resolve the circularly
polarized radiation into first and second mutually
orthogonal linearly polarized components.

This form of the invention also includes first
and second intermediate resonant cavities, which
are physically distinct from one another. These
cavities are coupled to receive the first and second
mutually orthogonal linearly polarized components,
respectively, from the entry cavity.

It is perhaps at this point that our invention first
departs abruptly from the Nelson configuration: part
of our invention consists in the recognition that
there really is no "conceptual trap" in the Nelson
filter. As will be appreciated, this recognition runs
directly contrary to the teaching of the prior art. In
fact the coupling of circularly polarized radiation
into an entry cavity and the resolution of that radi-
ation into two orthogonal linsarly polarized compo-
nents can be followed straightforwardly by separate
processing of those two components. If it is desired
to resynthesize circular polarization later, however,
care must be taken to preserve the necessary
amplitude and phase relationships at the output
points of the separate processes.

This form of our invention also includes same
means for coupling some of the radiation compo-
nent received in each intermediate cavity to form a
modified component that is orthogonal to the re-
ceived component. For definiteness we will refer to
the hardware that performs this task as "coupling
means.” )

The modified component in each intermediate
cavity may be linearly polarized in a direction that
is orthogonal to the direction of linear polarization
of the received component; however, this is not the
only type of "orthogonal” modified component that
is contemplated. The modified component may in-
stead be a substantially independently tunable har-
monic or subharmonic of the received component,
or it may be a different resonant mode (for exam-
ple, transverse magnetic rather than transverse
electric).

Yet other kinds of orthogonal modified compo-
nent may be possible, and we consider all such
possibilities to be within the scope of our invention.
For generality we will use terms such as
"orthogonal components,” "orthogonal modes™ or
"orthogonal" to encompass the three possibilities
specifically mentioned above as well as others.
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(When we refer specifically to "orthogonal linearly
polarized components” as in the entry and exit
cavities, however, we mean to limit the reference to
simple geometric orthogonality -- in other words, to
linearly polarized components that are polarized in
mutually perpendicular directions.)

The "coupling means" mentioned above will
include, in this form of our invention, first and
second coupling means that are respectively asso-
ciated with each of the first and second intermedi-
ate cavities. These coupling means are for coupling
some of the radiation component received in each
of those intermediate cavities to form first and
second modified radiation components respective-
ly. These modified components are formed within
the respective intermediate cavities and as already
mentioned are orthogonal to the respective re-
ceived linearly polarized components.

This form of our invention also includes an exit
resonant cavity. It is coupled to admit the first and
second modified radiation components from the
respective first and second intermediate cavities
--or, equivalently, components respectively devel-
oped from those modified radiation components.

As will be seen, interposition of additional cav-
ities in series with the intermediate cavities is with-
in the scope of our invention, and has the effect of
permitting either more controllably shaped filter
functions or the use of fewer resonances per cav-
ity. In such cases, the exit cavity admits compo-
nents developed from the modified components,
rather than the modified components directly. It is
in this limited sense that the admission of compo-
nents developed from the modified components
may be regarded as equivalent to the admission of
the modified components themselves.

The exit cavity is adapted to synthesize cir-
cularly polarized radiation from the admitted com-
ponents, for coupling to the output waveguide.
Such output coupling may be effected conveniently
by an iris formed in the output waveguide at some
point along the loci described earlier.

Preferably, the various cavities mentioned
above have additional coupling means of several
sorts for constructing other resonances in a se-
quence between the input waveguide and the oui-
put waveguide. Such additional coupling means
and resulting resonances will be detailed in a later
section of this document. In general, however,
these resonances should form a "direct coupling”
sequence, and preferably the coupling means pro-
vide for "bridge couplings" between certain re-
sonances. Such a system can be used to produce
transmission nodes -- attenuation poles -- for scuip-
ting sharp-cuioff filter functions such as elliptic or
quasi-elliptic functions.

In designing the two parallel resonant se-
quences, as previously mentioned, it is essential to
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preserve the input phase and amplitude at the
output. It is not at all necessary, however, to equal-
jze phase and amplitude as between the two se-
guences at each step along the way. In fact one of
our most preferred embodiments lacks such step-
wise equalization. As will be shown later, one use-
ful way to produce overall equalization is to make
the two paths inverses, rather than direct copies, of
each other.

Our invention can be realized in many ways.
Generally, however, in this first form of our inven-
tion the entry and exit cavities are common to two
distinct coupling paths that start with the iwo muitu-
ally orthogonal linear polarization components of
the input circularly polarized radiation, and that end
with the two mutually orthogonal linear polarization
components of the output circularly polarized radi-
ation.

This form of our invention is extremely weight
efficient, bulk efficient and cost effective since the
entry and exit cavities are each a part of the two
paths -- serving as resonators and also setving to
resolve the circularly polarized input radiation into
component parts and to resynthesize circularly po-
larized output radiation from component parts. No
additional hardware is required at either end of the
paths for resolution or resynthesis.

Similarly there is no significant power con-
sumption or dissipation anywhere in this form of
our invention that would be absent in the equivalent
filters considered alone, without the multiplexer
couplings. This is an advantage which our invention
shares with the Nelson device, and for the reason
that we use the same waveguide-coupling princi-
ple. For the same reason, interchannel power
equalization is an inherent feature of this form of
our invention.

Because of the directional property of this form
of our invention, hardware for the various channels
may be positioned arbitrarity along a combining
manifold to optimize weight and heat-dissipation
distribution. In operation, adjacent filters are almost
completely independent of other filters, particularly
those upstream; consequently tuning is nearly in-
dependent and can be accomplished noniteratively
by starting at the upstream end of the system.

Finally, by virtue of the separate processing of
signals in the two distinct paths, this form of our
invention permits achievement of elliptic or quasi-
elliptic filter functions. Our invention is thus the first
to perform satisfactorily with respect to all six of
the system considerations established earlier.”
" Our invention can take other forms, which may
overlap with the description presented above. In
particular, another preferred embodiment of our
invention includes an array of at least four resonant
cavities -- including an entry cavity, an exit cavity,
and at least first and second intermediate cavities.
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Each of these cavities supports electromagnetic
resonance in each of three mutually orthogonal
modes during operation of the filter.

The entry and exit cavities together with the
first intermediate cavity (and mode-selective irises
between the cavities) define a first path for trans-
mission of radiation from the entry cavity to the exit
cavity. Analogously the entry and exit cavities to-
gether with the second intermediate cavity (and
irises) defines a corresponding second path; this
second path is for fransmission of radiation from
the same entry cavity, and to the same exit cavity,
as the first path. Radiation in the first and second
paths is combined, during operation, in the exit
cavity. Each of the first and second paths is in-
dependently configured to provide a filter function
as between radiation in the entry cavity and radi-
ation in the exit cavity.

To the best of our knowledge there has never
heretofore been a tri-mode, dual-discrete-path mi-
crowave filter, particularly one in which the two
discrete paths share use of both the entry and exit
cavities. In this connection, by specifying that the
two paths are discrete we do not mean to rule out
the mere use of beginning or ending steps in either
resonant sequence which are within the entry or
exit cavity, respectively -- so long as there is at
least some part of each path that is not common to
the other path.

Preferably in this second form of our invention
the filter function provided in each of the first and
second paths is elliptic or quasi-elliptic. Preferably
the two functions are substantially the same.

Preferably this form of our invention contains
precisely four cavities and no more -- namely, the
entry and exit cavities and precisely two intermedi-
ate cavities. This configuration is particularly prefer-
able because it provides elliptic or quasi-elliptic
response shaping that is completely adequate for
virtually all modern requirements with an absolute
minimum of hardware.

Yet another preferred form of our invention
includes a substantially rectangular array of at least
four resonant cavities. This array includes an eniry
cavity and an exit cavity occupying respective cor-
ners of the array that are diagonally opposite one
another. These two cavities are particularly adapt-
ed, respectively, to receive radiation from an input
waveguide and to direct radiation into an output
waveguide. The array of this third form of our
invention also includes first and second intermedi-
ate cavities that occupy the remaining corners of
the rectangular array.

All four cavities in this form of our invention
operate in three mutually orthogonal modes. The
entry and exit cavities together with the first inter-
mediate cavity (and irises) defines a first path for
transmission of radiation from entry to exit cavity.
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Similarly the entry and exit cavities together with
the second intermediate cavity (and irises) defines
a second such path.

Preferably in this form of our invention first and
second filter functions are applied to the radiation
in passage along the first and second paths re-
spectively; and preferably the first filter function is
substantially the same as the second. Preferably
both are elliptic or quasi-elliptic.

In one embodiment of this form of our inven-
tion, for further response shaping a "second story”
of filter structure can be provided by positioning an
additional resonant cavity next fo the exit cavity.
This additional cavity may be displaced from the
exit cavity in a direction perpendicular to the rec-
tangle of the rectangular array, and may in turn act
as entry cavity for a second rectangular array re-
ceiving radiation from the additional cavity. The
second rectangular array -- the "second story" --
may have a second exit cavity diagonally displaced
from the additional cavity.

Yet another form of our invention includes a
substantially rectangular array of at least four reso-
nant cavities, with the eniry and exit cavities in
diagonally opposite corners, and first and second
intermediate cavities occupying the two remaining
corners. Each of the foul cavities is adapted to
support resonance of electromagnetic radiation or
energy that is linearly polarized in each of three
mutually orthogonal directions.

In addition this form of our invention includes a
first iris for coupling radiation that is linearly po-
larized in each of two mutually orthogonal direc-
tions, from the entry cavity into the first intermedi-
ate cavity. It also includes a second iris for cou-
pling radiation that is linearly polarized in substan-
tially one direction exclusively, from the first inter-
mediate cavity into the exit cavity.

This form of the invention also includes a third
iris for coupling radiation that is linearly polarized in
substantially one direction exclusively, from the en-
try cavity into the second intermediate cavity. It
also includes a fourth iris for coupling radiation that
is linearly polarized in each of two mutually or-
thogonal directions, from the second intermediate
cavity into the exit cavity.

All of the foregoing operational principles and
advantages of the present invention will be more
fully appreciated upon consideration of the follow-
ing detailed description, with reference to the ap-
pended drawings, of which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a highly schematic plan view of one
preferred embodiment of our invention.

Fig. 2 is a schematic isometric view of the Fig.
1 embodiment showing the orientation and polarity
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of each resonance in a sequence that is con-
structed along a first path through a first intermedi-
ate cavity.

Fig. 3 is a similar schematic isometric view of
the Fig. 1 embodiment showing the orientation and
polarity of each resonance in a sequence that is
constructed along a second path through a second
intermediate cavity.

Fig. 4 is a diagram showing the direct and
bridge coupling sequences for both the first and
second paths. .

Fig. 5 is a copy of the Fig. 4 diagram, addition-
ally showing the correlation between the terminol-
ogy used in certain of the appended claims and the
resonances and couplings illustrated in Figs. 1
through 4.

Fig. 6 is a schematic isometric, analogous to
Figs. 2 and 3, of another preferred embodiment of
our invention.

Fig. 7 is a coupling-sequence diagram, similar
to Fig. 4, illustrating the direct and bridge couplings
for the Fig. 6 embodiment.

Fig. 8 is an elaborated diagram, similar to Fig.
5, correlating the terminology of certain appended
claims with the resonances and couplings illus-
trated in Figs. 6 and 7.

Fig. 9 is a schematic isometric, analogous to
Figs. 2, 3 and 6, of another form of the Fig. 6
embodiment.

Fig. 10 is a coupling-sequence diagram, similar
to Figs. 4 and 7, illustrating the couplings for the
Fig. 9 embodiment.

DETAILED DESCRIPTION OF PREFERRED EM-
BODIMENTS T T

As shown in Figs. 1 through 3, one preferred
embodiment of our invention receives input cir-
cularly polarized radiation ICP that is derived from
an electromagnetic wavefront propagating longitudi-
nally within an input waveguide IWG. The entry
cavity A receives this radiation ICP through an
entry iris a, and resolves the radiation ICP info its
constituent vertical and horizontal components H
and V (Fig. 1).

The resolution of circularly polarized radiation
into two orthogonal linearly polarized components
depends upon the well-known fact that a circular
path is described by the resultant of two linearly
oscillating vectors that have a common frequency
but a ninety-degree phse difference. This same
relation accounts for the resynthesis of circularly
polarized radiation from the two linearly polarized
components at the exit iris.

As a practical matter, the resolution of circular
into linear polarizations having particular desired
orientations occurs as a result of tuning the entry
cavity A for resonance in two mutually perpendicu-
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lar directions, corresponding to the desired orienta-
tions of the H and V components. When the cav-
ities are spherical as illustrated in Figs. 2 and 3,
such tuning is effected by adjustment of tuning
screws or stubs that protrude inwardly into the
entry cavity A.

The positioning and adjustment of such screws
is generally known in the production design and
tuning of microwave filters and other microwave
devices. To avoid unduly cluttering the drawings
such screws are not illustrated here, but are to be
taken as present. Tuning screws or stubs are re-
quired likewise for each of the resonances in all
four cavities, and are all omitted from the drawings
for the same reason. The previously mentioned
patent to Young and Griffin, among other sources,
amply illustrates the provision of tuning screws or
stubs.

The cavities A through D need not be spheres
as illustrated in Figs. 2 and 3, but may instead be
cubes. When cubical cavities are used, the resolu-
tion of circularly polarized radiation into linearly
polarized components is controlled in part by the
orientation of the cubical entry cavity. The tuning
stubs must therefore be positioned appropriately
with respect to the cubical cavity, as is understood
by persons skilled in this art.

The two linearly polarized componenis H and V
introduced in the entry cavity A respectively fra-
verse discrete paths passing through the first and
second intermediate cavities C and B to the exit
cavity D, where they recombine to resynthesize
output circularly polarized radiation OCP. The iatter
is coupled through an exit iris g to the output
waveguide OWG, where there is derived from the
circularly polarized radiation OCP an electromag-
netic wavefront that propagates longitudinally within
that guide OWG.

The direction of propagation of the initial
wavefront in the input guide IWG is translated into
the sense of circular polarization of the input radi-
ation ICP, which in turn is translated into the al-
gebraic sign of the phase between the linearly
polarized componenis H and V within the -entry
cavity A. Conversely, the sign of the phase be-
tween these components H and V in the exit cavity
is translated into the sense of circular polarization
of the output radiation OCP, which in turn is frans-
lated into the direction of propagation of the
wavefront in the output guide OWG. Thus the prop-
agation directions in the input and output guides
IWG and OWG are uniquely related, provided that
the two paths traversed by the linearly polarized
components H and V are configured to preserve
the phase relationship between these components.

In traversing a first of the two discrete inter-
mediate paths, the radiation passes through a
crossed-slot iris ¢ to the first intermediate chamber
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C, whence it reaches the exit cavity D through a
narrow slot iris f. In traversing the second of the
two paths, the radiation passes through a narrow
slot iris h to the second intermediate chamber B,
and then through a crossed-slot iris k to the exit
cavity D. -

If the drawing of Fig. 1 is inverted -- so that the
output guide OWG is in the lower left-hand corner
-- the details appear unchanged although the two
paths are interchanged by the inversion. In this
sense each path may be regarded as the "inverse”
of the other.

Another way to conceptualize the relationship
between the two paths is to note that a line running
from the bottom left-hand corner to the top righi-
hand corner of the drawing divides the diagram into
two halves which are mirror images of one another,
but reversed in order. In this sense each path may
be regarded as the "reverse mirror image" of the
other.

The relationship expressed in these various
ways is important because it represents one way of
satisfying the constraint that the processing under-
gone by the radiation in the two paths be pre-
served in the original phasing between the two
components -- that is, the constraint that the input
phase between the horizontal and vertical compo-
nents H and V be reproduced in the exit cavity D.

The plane of the entry iris a in Fig. 1 is
perpendicular to the plane of the paper in that
drawing, but is the x-y plane as identified in Figs. 2
and 3. Thus the circularly polarized input radiation
ICP is circularly polarized in the x-y plane and
when resolved into its linear-polarization compo-
nents these components are linearly polarized in
the x-y plane. In particular the "horizontal™ compo-
nent H of Fig. 1 appears as A, (Fig. 2), and the
"vertical” component V as A, (Fig. 3).

Figs. 2 and 3 also show expilicitly the dimen-
sion in which the input and output guides IWG and
OWG are separated, as the z direction.

In the following discussion, for an overview, we
will first follow sequences of resonances in the two
paths that are slightly simplified. As will be seen,
these sequences are closely related to the
"bridge™ couplings, the "direct" coupling chains
being considerably longer.

In the embodiment of Figs. 1 through 5, the
first and second physically distinct intermediate
resonant cavities C and B are coupled at irises ¢
and h respectively to receive the first and second
mutually orthogonal linearly polarized components
Ay as Gy, and A, as B,, respectively, from the entry
cavity A.

It will be noted that in the drawings the re-
ceived components C, and By, are shown as
aligned with the source components A, and A,
respectively, and having the same phase, polarity
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or algebraic sign as the source components. As is
well known in microwave coupling arts there is a
reversal of phase in passing through a thin slot iris
such as h in Fig. 8, or equivalently in traversing
either leg of a crossed-slot iris such as ¢ in Fig. 2.
In constructing the drawings in this document, how-
ever, that phase reversal has been disregarded so
that attention can be focused on the variations of
phase that are deliberately and more importantly
introduced, for purposes of the invention. Thus the
drawings do not illustrate absolute phase but rather
relative phase, or phasing relative to the natural
phase encountered in traversing the several ap-
ertures of the system.

This embodiment also includes first and sec-
ond coupling means e and i, respectively asso-
ciated with each of the first and second intermedi-
ate cavities C and B. These are typically coupling
stubs or screws that protrude inwardly into the
respective cavities. These devices, which must be
distinguished from the tuning stubs or screws (not
illustrated) discussed earlier, serve as means for
coupling some of the radiation component C, and
By, received in each of those intermediate cavities
respectively, to form first and second modified
radiation components -C, and -By. These modified
components are within the respective intermediate
cavities C and B, and are orthogonal to the respec-
tive received linearly polarized components C, and
By

While the second modified component -By ap-
pears clearly in Fig. 3, the first modified compo-
nent -C, appears as the leftward- or negative-point-
ing end of a two-headed arrow that is marked
"+C,." Such notations occur at several points in the
drawings, for reasons that will be explained. Clari-
fication may be obtained by reference to Figs. 4
and 5, where the same sequences are diagrammed
in a different fashion. In Figs. 4 and 5 the inter-
cavity coupling irises and the intermode coupling
stubs are represented as pathway arrows, keyed to
the corresponding features of Figs. 2 and 3 by
lower-case letters in parentheses.

In particular, in Figs. 4 and 5 the resolution of
circularly polarized input radiation CPi, is repre-
sented by paths or couplings 1 and 11 that lead to
the respective components Ay and A, in the entry
cavity A. Paths 6 and 12 in Figs. 4 and 5 are the
couplings through irises ¢ and h respectively, to
produce the first and second "received" compo-
nents Cy and By already mentioned. The coupling
of energy from these resonances into the first and
second "modified" components -Cy and -By appear
in Figs. 4 ard 5 as path 7-8 and path 13 respec-
tively. The reason for the two-step appearance of
path 7-8 will become clear shorily.

To achieve these characteristics the coupling
stubs generally are positioned, as best seen in
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Figs. 2 and 3, at forty-five degrees to the direction
of linear poflarization of the received components
Cy and By, in the plane defined by the polarization
directions of the received and modified compo-
nents --i. e., the x-y plane in both cases under
consideration. In other words, as can be seen from
these drawings, the coupling stub e in the first
intermediate cavity C is in the plane defined by (1)
the polarization vector C, that is received, and (2)
the modified-radiation polarization vector -C, that is
desired -~ and is rotationally halfway between the
orientations of these two vectors.

Similarly the coupling stub i in the second
intermediate cavity B is in the plane defined by the
polarization vector B, that is received and the
modified vector -By that is desired.

The polarity of all the vectors illustrated in
these drawings is a very important consideration.
Both the stubs e and i, it will be noticed, have been
placed in quadrants of the x-y plane that cause the
modified vectors to be negative, as the coordinate
system is defined.

Of course this definition of coordinates is ar-
bitrary, but within this coordinate system the nega-
tive values of certain vectors are in contrast to
positive values produced by other coupling se-
quences, for reasons already indicated. For the
particular illustrated positioning of the coupling
screws or stubs, such polarity differences will be
preserved regardless of the coordinate system
adopted.

In theory the same effects can be developed
through alternative placement of coupling screws or
stubs diametrically across the cavity from the posi-
tions illustrated; in practice, however, for optimum
filter performance it is desirable to provide coupling
screws or stubs in pairs, at both diametrical posi-
tions.

As previously mentioned, although the modified
components are orthogonal geometrically in the
illustrated embodiment, this is merely an example
of the various kinds of orthogonality that can be
employed.

The exit resonant cavity D is coupled at f and k
respectively to admit the first and second modified
radiation components -Cy as -Dy, and -By as -Dy,
from the respective first and second intermediate
cavities C and B. In Figs. 4 and 5 these couplings
appear as paths 9 and 18. (As previously men-
tioned, considering our invention in general terms,
it would be equivalent for the exit cavity D to admit
instead components developed from the first and
second modified components -Cy and -By -- as, for
example, by interposition of additional resonant
modes or even additional cavities.}) The exit cavity
D is adapted to synthesize circularly polarized radi-
ation from the first and second admitted modified
radiation components -Dy and -Dy, as represented
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in Figs. 4 and 5 by coupling paths 10 and 19-20,
for coupling at g to the output waveguide.

The two-step characteristic of coupling 19-20,
as well as that of coupling 7-8 mentioned earlier,
arises from the fact that the intermediate resonance
+Cy and #Dy in each of these couplings is a sum or
resultant produced as the additive result of the
"pbridge" coupling sequences already discussed
with the "direct" coupling sequences also illus-
trated in the drawings. The notations +Cy, #Cy and
like terms are used in this document to represent
resonances that may be either positive or negative,
but that are forced to be extremely small by com-
bination of two approximately equal components of
opposite polarity or phase.

The foregoing "overview" section has focused
upon the bridge couplings. Next we will discuss the
direct couplings and their relationships to the
bridge couplings.

To see how the direct couplings are produced,
it must first be noted that the preferred embodi-
ment under discussion also has third coupling
means, associated with the second intermediate
cavity B. These third coupling means are provided
for the purpose of coupling a portion of the second
modified component -B, within the second inter-
mediate cavity to form a derived component B,
within the second intermediate cavity. Typically the
third coupling means, like those discussed earlier,
is a coupling screw or stub j, appearing as path 14
in Figs. 4 and 5. As seen in those diagrams, this
formation of the derived component B, is the first
step in the "direct” coupling sequence for the
second intermediate cavity B.

The resulting derived component B, is made
orthogonal to both the received component By and
the second modified component -By, typically by
the earlier-described technique of positioning the
coupling stub j in the plane defined by (1) the
second modified component -B, that is already
present and (2) the derived component B, that is
desired. The stub is at forty-five degrees to both
these vectors --that is to say, rotationally haliway
between them --and as in the cases previously
discussed is in a quadrant that produces a phase
reversal or polarity shift as between the second
modified component -B, and the derived compo-
nent B,. It should be noticed, however, that the
relative phase as between the second received
component By and the derived component B,, after
two phase reversals, is now zero.

" In this embodiment the exit resonant cavity D
is also coupled at k to admit the derived compo-
nent B, as D, from the second intermediate cavity
B. In Figs. 4 and 5 this step appears as coupling
15. This embodiment further comprises exit-cavity
coupling means, typically another coupling stub m,
for coupling the admitted derived component D,
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within the exit cavity into a fourth exit-cavity com-
ponent Dy that is within the exit resonant cavity D.
In this instance the coupling stub m is positioned to
produce no prase reversal; hence the relative
phase as between the second received component
B, and the fourth exit-cavity component Dy is zero.

The fourth exit-cavity component Dy is polar-
ized parallel to the second admitted modified com-
ponent -Dy, but because of the positioning of the
previously discussed coupling stubs i, ] and m
these two components are of opposite sense. It will
be understood that these two components cannot
actually coexist independently since they are in the
same mode -- more specifically here, the same
linear polarization condition.

if desired both these components Dy and -D,
may be regarded as virtual components; in any
event, what must actually exist is the resultant *D,
of the second admitted modified component -D,
and the fourth exit-cavity component D,. This resul-
tant is far smaller than either of the components
that produce it, since the two components are of
nearly equal amplitude and opposite sign or phase.
It is this resultant, rather than the second admitted
modified component -D, alone, that is combined
with the first admitted modified component -Dy to
synthesize circularly polarized radiation for cou-
pling at g to the output waveguide OWG. Of course
the effects of both components are felt in the
combination.

Now we turn to the direct coupling sequence in
the second path, that which traverses the first inter-
mediate cavity C. This embodiment of our inven-
tion also includes entry-cavity coupling means b for
coupling a portion of the first linearly polarized
component A, within the entry cavity A into a third
linearly polarized component A,. This coupling ap-
pears at path 2 in Figs. 4 and 5. The resulting
component A; is also within the entry cavity and is
mutually orthogonal with respect to both the first
and second components A, and A

Moreover, the third linearly polarized compo-
nent A; within the eniry cavity is also coupled at
iris ¢ into the first intermediate cavity C to form
therein a third received component C,. This step is
seen at path 3 in Figs. 4 and 5. The third received
component C, is orthogonal to both the first re-
ceived component C, and the first modified com-
ponent -Cy, within the first intermediate cavity.

This embodiment further includes fifth coupling
means, associated with the first intermediate cavity
C, for coupling part of the third received compo-
nent G, into a third modified linearly polarized
component -C, that is within the first intermediate
cavity C and is polarized parallel to the first re-
ceived component C,. These fifth coupling means
are typically another coupling stub d, positioned in
the plane defined by the existing third received
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component and the desired third modified compo-
nent, but here with a reversal of phase. In Figs. 4
and 5 the fifth coupling means are represented by
path 4. Due to the phase reversal, the third modi-
fied component -C, though parallel to the first
received component Cy is of opposite sense.

As already suggested, in this embodiment the
first received component C, and the third modified
component -C, combine within the first intermedi-
ate cavity C. It is their much smaller resultant =G,
which is coupled by the first coupling means e to
form the first modified component ¥Cx and there-
from the first admitied modified component #Dy.

The filter function obtainable with this device is
described in theoretical terms as "of order six.” It
is to be understood, without a detailed discussion
of the meaning of this terminology, that filter func-
tions of higher "order” are more amenable to shap-
ing of sharp cutoffs, through skillful tuning. The
"order six" performance of this embodiment of our
invention may be compared with the performance
of a hybrid filter made as described by Gruner and
Williams. Such a hybrid filter having two chambers
in each side -- for a total of four chambers plus two
hybrids -- is only of order four.

A hybrid filter of the type introduced by Gruner
and Williams can be made to have order six, but
requires a larger number of chambers -- generally
three on each side, for a total of six chambers plus
two hybrids.

Our invention makes it possible to achieve
order-six performance with only four chambers and
no hybrid. In addition, our invention typicaily
presents a loss of only 0.02 to 0.03 dB loss to
upstream signais passing the exit iris g of each
filter, so that the cumulative loss for the furthest-
upstream channel in a ten-channel system is only
0.2 to 0.3 dB. In the system of Gruner and Wil-
liams, by contrast, the loss in passing through each
hybrid is typically 0.1 dB, for a cumulative loss --
as seen by the furthest-upstream channel in a ten-
channel system -- of one decibel or more.

Fig. 6 illustrates another preferred embodiment
of our invention, which has several practical advan-
tages relative to the first preferred embodiment
described above, though not as completely ad-
vantageous in terms of rock-bottom minimum hard-
ware as the first embodiment.

This embodiment is an assemblage of six cy-
lindrical cavities A through F, with associated inter-
coupling irises and coupling stubs. The reference
symbols used in Figs. 6 and 7 these components
include most of those used in Figs. 1 through 5,
and in particular the same symbols are used for
the eniry cavity A, first and second intermediate
cavities C and B, and the associated irises and
stubs, as well as the exit cavity D.

Hence the "overview" portion of the foregoing
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discussion of the Fig. 1 embodiment, focusing
upon the bridge couplings, applies equally well to
the Fig. 6 embodiment, with two exceptions. First,
in Fig. 6 the "first modified component™ Cy is
positive; and second, it is not the resultant of a
bridge coupling, and therefore is not shown with an
appended minus-or-plus sign ("+"). The detailed
discussion of Fig. 6 will therefore pick up where the
earlier "overview" discussion ended.

(In certain of the appended claims, reference
symbols are presented in parentheses for keying of
the claim language to features shown in the draw-
ings. It is to be understood that these symbols are
presented only as examples to aid in following and
understanding the claims, because of the difficulty
of this subject matter and the great number of
different electromagnetic components involved.
These symbols are not to be taken as limiting the
claims in the slightest, but only as examples. In
view of the use of symbols in Figs. 6 and 7 that
correspond to those in Figs. 1 through 5, the pa-
renthetical reader-aid reference symbols in certain
of the appended claims will likewise be found ap-
plicable to both embodiments -- as is appropriate
for claims that are directed to both embodiments.)

The embodiment of Fig. 6 includes at least
third and fourth intermediate resonant cavities E
and F, respectively coupled for intake of the first
and second modified radiation components Cyx as
Ex and -B, as -Fy, from the respective first and
second intermediate cavities C and B. These steps
can also be followed in Figs. 7 and 8 as paths 104
and 114 --and of course the earlier portions of the
sequences in both sides of the system can also be
followed in Figs. 7 and 8 as paths 101 through 103,
and 111 through 113.

The third and fourth intermediate cavities E
and F are also adapted to develop from the modi-
fied components E, and -F, two additional compo-
nents -E, and -F, respectively. In Fig. 6 these
"developed" components -E, and -F, may be iden-
tified as the leftward-pointing ends of the two-
headed vectors marked *E, and F, respectively.
These steps in the sequences at both sides of the
system can also be seen at 105 and 115.

In the "overview" portion of the Fig. 1 discus-
sion it was mentioned that the exit cavity D could
admit components developed from the modified
components, rather than the modified components
directly. This is the case in the embodiment of Fig.
6, where the developed components -E, and -Fy
are admitted through irises f and k to the exit cavity
D as -Dy and -Dy respectively.

In Figs. 7 and 8 these couplings appear at 106-
109 and 116-119. As in the diagrams of the Fig. 1
system, these couplings are illustrated in two-step
form because of the intervening resultants E, and
tF,. The resultants arise by virtue of the bridge-
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coupling paths 107-108 and 117-118 through the
crossed-slot irises r and p. These bridge couplings
produce positive virtual components E, and Fy
which are in the same cavities and have the same
orientations as the earlier-mentioned "developed”
components -Ey and -F,.

Components that share modes in this way nec-
essarily combine to produce the relatively small-
amplitude resultants *E, and £F,. These are used
to provide attenuation maxima that sharply cut off
the response of the overall device in the desired
manner of an elliptic or quasi-elliptic function.

In the Fig. 6 embodiment each of the six cav-
ittes A through F supports eleciromagnetic reso-
nance in at least two mutually orthogonal modes
during operation of the filter. More particularly the
number of modes in the illustrated form of this
preferred embodiment is precisely two, and the
modes are mutually orthogonal polarization direc-
fions x and y.

The Fig. 6 embodiment has four advantages
refative to the Fig. 1 embodiment. Some of these
are advantages with respect to the use of spherical
cavities in this embodiment, others with respect to
the use of cubical cavities, and still others with
respect 10 both. First, the overall power loss within
the filter -- for given power flow -- can be reduced
through the use of cylindrical resonators.

Dissipative loss arises in a resonant microwave
cavity primarily because of resistance to the flow of
currents induced in the cavity walls. Generally
speaking such loss is associated with the wall area,
and so is very generally proportional to the total
wall area. The power flow through the filter, how-
ever, is related to the amount of energy that can be
contained within the cavity, and this is very gen-
erally proportional to the volume of the cavity. The
ratio of power flow to loss, as well as the Q or
quality ratio of the filter, is therefore proportional to
the ratio of volume to area for the chamber. Any
means of increasing this laiter ratio results in a
lower-loss filter.

A spherical cavity, among all chamber geome-
tries, is generally said to have highest Q and low-
est losses of all closed, regular three-dimensional
forms configured for resonance in the
"fundamental” mode. This last consiraint, however,
the use of the fundamental mode, is not necessary.
When the use of other modes is considered, pref-
erence shifts to the use of chambers that are
extended in one direction. In the ratio of volume to
area for such a chamber, the relatively fixed area of
the end walls is in effect distributed over an ar-
bitrarily increasable volume.

Thus the ratio of volume to surface in a sphere
is fixed at D/6 = 0.17 D (the symbol "D" repre-
senting diameter), and in a cube is fixed at 8/6 =
0.17 S ("S" representing the side of the cube), but
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the same ratio in a cylinder with height equal to a
muttiplier n times the diameter is nD/(4n +2). For
relatively large values of n, this ratio approaches
D/2 = 0.25. B

Hence the cylindrical resonators of Fig. 6 can
be configured to resonate in, for example, the
TE113 mode -- i. e., with the electrically effective
diameter of each cylinder equal to one half-
wavelength and the electrically effective height
equal to three half-wavelengths. The height here is
three times the diameter (n = 3), the volume-to-
surface area is 3D/14 or 0.21 R, and the practically
attainable Q for three dual-mode resonators is
roughly 18,000. The latter figure may be compared
with roughly 12,000 for three tri-mode resonators.

A second advantage of the Fig. 6 embodiment
is relative to the use of spheres as shown in Figs. 1
through 3. This advantage is economy of cavity
manufacture. For microwave work, spherical cham-
bers are made by centerless grinding and cylin-
drical chambers by drilling. The cost of centerless
grinding is many times the cost of drilling.

A third advantage is relative to the use of
cubical cavities instead of spheres, but still in the
orientation of Figs. 1 through 3. Cubical cavities are
more economical to manufacture than spherical
cavities; however, as a practical matter it is very
awkward to provide the necessary tuning and cou-
pling stubs in a rectangular array of cubical cav-
ities, since such an array is space-filling.

In a rectangular array of spherical cavities, al-
though installation and adjustment of sfubs is
slightly awkward there is some free space for ac-
cess at the center of the array. Such access space
is absent in an array of cubes. For best adjust-
ability there should be eight stubs per chamber,
and in a cubical-cavity array it is extremely difficult
to provide more than about five. In the cylindrical
configuration of Fig. 6 the provision and adjustment
of stubs is far easier.

The fourth advantage of the general geometry
of Fig. 6 is that an even more highly controllable
filter function can be obtained by addition of an-
other coupling iris -- between the entry and exit
cavities A and D. This refinement is shown at s in
Fig. 9, and the resulting additional pair of bridge
couplings appears in Fig. 10 at 221-222 and 224-
225. The filter of Figs. 9 and 10 is of the same
"order" as those in the earlier drawings, but is
capable of adjustment to develop a larger number
of attenuation maxima -- for sharper cutoff -- or of
attenuation minima for use in phase equalization.

For simplicity of the illustrations the circular-
polarization irises a and g have been shown as
circular irises, but they may take any of several
shapes that are known to persons skilled in the art
of microwave hardware design. Four of such con-
figurations are illustrated in the previously men-
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tioned book of Matthaei, Young and Jones, at
pages 853 and 854. Yet another configuration that
can be used as iris a or g is a crossed-slot iris,
which in fact is particularly well suited for direc-
tional couplers.

It is believed that the foregoing discussion ex-
plains the preferred embodiments of our invention
in sufficient detail to enable a skilled technician in
the microwave-communications assembly and op-
eration field to build and operate an apparatus in
accordance with our invention, at least with the
guidance of a microwave-communications design
engineer at the routine-design level.

It is to be understood that all of the foregoing
detailed descriptions are by way of example only,
and not to be taken as limiting the scope of our
invention -- which is expressed only in the appen-
ded claims.

Claims

1. A filter for frequency-selective coupling of
electromagnetic radiation from an input
waveguide to an output waveguide; said filter
comprising;

an array of at least four resonant cavities
(A, B, C and D) including an entry cavity (A),
an exit cavity (D), and at least first and second
intermediate cavities (C and B);

the entry and exit cavities (A and D), to-
gether with the first intermediate cavity (C) and
mode-selective irises (¢ and f) thersbetween,
defining a first path (A-c-C-f-D) for transmis-
sion of electromagnetic radiation from the en-
try cavity (A) to the exit cavity (D);

the entry and exit cavities (A and D), to-
gether with the second intermediate cavity (B)
and mode-selective irises (h and k) there-
between, defining a second path (A-h-B-k-D)
for transmission of electromagnetic radiation
from the entry cavity (A) to the exit cavity (D);

electromagnetic radiation in the first and
second paths (A-c-C-f-D and A-h-B-k-D) being
combined, during operation of the filter, in the
exit cavity (D); and

each of the first and second paths (A-c-C-
f-D and A-h-B-k-D) independently being par-
ticularly configured fo provide a filter function
as between radiation in the entry cavity (A) and
radiation in the exit cavity (D);

characterised in that: each of said cavities
supports electromagnetic resonance in each of
three mutually orthogonal modes (polarization
directions x, y and z) during operation of the
filter.

2. The filter of claim 1, wherein:
the filter function provided in each of the
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32

first and second paths (A-c-C-f-D and A-h-B-k-
D) is elliptic or quasi-elliptic.

The filter of claim 2, wherein:

the elliptic or quasi-elliptic filter function
provided in the first path (A-c-C-f-D) is sub-
stantially the same as the elliptic or quasi-
elliptic filter function provided in the second
path (A-h-B-k-D).

The filter of claim 1, wherein:

the entry cavity (A) is particularly posi-
tioned relative to such input waveguide, and
particularly adapted at an entry iris (a), to
accept circularly-polarized radiation from such
input waveguide and to resolve such circularly-
polarized radiation into two enfry components
(A and Ay) linearly polarized in two mutually
orthogonal directions (x and y);

the two linearly polarized entry compo-
nents (A, and Ay) form two of the said three
mutually-orthogonal-mode resonances in the
entry cavity (A);

the two linearly polarized components (A
and A,) and components respectively derived
therefrom (A, C £Cy and #Cy from A, and
By, -By, Bz and D, from A,) are coupled via the
first and second paths respectively to form two
respective exit components (¥Dx and #Dy) in
the exit cavity (D) that are linearly polarized in
two mutually orthogonal directions (x and y);

the two linearly polarized exit components
(*Dx and D) forming two of the said three
mutually-orthogonal-mode resonances in the
exit cavity (D);

the exit cavity (A) is particularly positioned
relative to such exit waveguide, and particu-
larly adapted, to combine the two exit compo-
nents (¥Dx and #D,) in the exit cavity (D) to
form circularly polarized radiation and o cou-
ple such circularly polarized radiation at an exit
iris (g} fo such output waveguide; and

the second path (A-h-B-k-D) is substan-
tially the inverse of the first path (A-c-C-f-D);

whereby combined radiation in the exit
cavity (B) is circularly polarized, with the same
polarization sense as the radiation accepted at
the entry iris (a), at an exit iris (g) whose
position is substantially the inverse of the
entry-iris (a) position.

The filter of claim 4, wherein:

the filter function provided in each path (A-
c-C--D or A-h-B-k-D) is elliptic or quasi-elliptic;
and

the elliptic or quasi-elliptic filter function
provided in the first path (A-c-C-f-D) is sub-
stantially the same as the elliptic or quasi-
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elliptic filter function provided in the second
path (A-h-B-k-D).

The filter of claim 1, 2 or 4, wherein:

the array contains precisely four resonant
cavities (A, B, C and D); and

the said intermediate cavities consist of
precisely two intermediate cavities, namely
said first and second intermediate cavities (C
and B).

The filter of claim 1, 2, 4, or 6, wherein:

the said three mutually orthogonal reso-
nance modes supported by each cavity are
respectively three mutually orthogonal linear-
polarization directions.

Revendications

Filtre pour le couplage sélectif en fréquence
d'un rayonnement électromagnétique issu d'un
guide d'ondes d'entrée & un guide d'ondes de
sortie, ce filtre comprenant :

- un groupe d'au moins quatre cavités ré-
sonnantes (A, B, C et D) comprenant une
cavité d'entre (A), une cavité de sortie
(D) et au moins des premiére et deuxié-
me cavités intermédiaires (C i B) ;

- les cavités d'entrée et de sortie (A et D),
avec la premigre cavité intermédiaire (C)
et des iris sélecteurs de mode (c et f)
disbosés entre deux définissant un pre-
mier frajet (A-c-C-f-d) pour la transmis-
sion d'un rayonnement électromagnéti-
que de la cavité d'entrée (A) a la cavité
de sortie (D) ;

- les cavités d'entrée et de sortie (A et D),
avec la deuxiéme cavité intermédiaire (B)

“et des iris sélecteurs de mode (h et k)
disposés entre deux, définissant un
deuxieme irajet (A-h-B-k-D) pour la fran-
smission d'un rayonnement électroma-
gnétique de la cavité d'enirée (A) 2 la
caviié de sortie (D) ;

- le rayonnement électromagnétique pré-
sent dans les premier et deuxieme irajets
{A-c-C-f-D et A-h-B-k-D) étant combinés,
pendant le fonctionnement du filire, dans
fa cavité de sortie (D) ; et

- chacun des premier et deuxiéme trajets
(A-c-C-f-D et A-h-B-k-D) étant configurés
indépendamment d'une manigre parti-
culiere pour fournir une fonction de filtre
enire le rayonnement présent dans la
cavité d'entrée (A) et le rayonnement
présent dans la cavité de sortie (D),

caractérisé en ce que chacune des cavitds

(A, B, C, D) est le sidge de résonance électro-
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magnétique dans chacun de trois modes mu-
fuellement orthogonaux (directions de polarisa-
tion x, y et z) pendant le fonctionnement du
filtre.

Filtre selon la revendication 1, caractérisé en
ce que la fonction de filire fournie dans chacun
des premier et deuxieme tirajets (A-c-C-f-D et
A-h-B-k-D) est elliptique ou quasi-elliptique.

Filtre selon la revendication 2, caraciérisé en
ce que la fonction de filtre fournie dans le
premier trajet (A-c-C--D) est sensiblement la
méme que la fonction de filire elliptique ou
quasi-elliptique fournie dans le deuxiéme trajet
(A-h-B-k-D).

Filtre selon la revendication 1, caractérisé en
ce que la cavité d'entrée (A) est disposée de
maniére particuliere par rapport au guide d'on-
des d'entrée, et adaptée particulierement au
niveau d'un iris d'entrée (a) pour admetire un
rayonnement polarisé circulairement issu dudit
guides d'ondes d'enire, et pour décomposer
ledit rayonnement polarisé circulairement en
deux composantes d'entrée (A et Ay) polari-
sées rectilignement dans deux directions mu-
tuellement orthogonales (x et y) ;

- les deux composantes d'snirée polari-
sées rectilignement (A; et A,) forment
deux desdites trois résonances en mo-
des mutuellement orthogonaux dans la
cavité d'entrée (A) ;

- les deux composantes polarisées rectili-
gnement (A, et Ay) et les composantes
respectivement dérivées de celles (A,
Cz Gy, £C, ot G, de A, ; et By, By, B;
et D, de A,) sont couplées par l'intermé-
diaire des premier et deuxiemes tirajets,
respectivement pour former deux compo-
santes de sortie (*Dy et ¥D,) dans la
cavité de sortie (D) qui sont polarisées
rectilignement dans deux directions mu-
tuellement orthogonales (x et y) ;

- les deux composanies de sortie polari-
sées rectilignement (D, et ¥D,) formant
deux desdites trois résonances en mo-
des mutuellement orthogonaux dans la
cavité de sortie (D) ;

- la cavité de sortie (A) est disposée de
maniere particuliere par rapport au guide
d'ondes de sortie et adapitée de maniére
particuliére pour combiner les deux com-
posantes de sortie (D, et ¥D,) dans la
cavitt de sortie (D) pour former un
rayonnement polarisé circulairement au
niveau d'un iris de sortie (q) au guide
d'ondes de sortie ; et
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- le deuxiéme trajet (A-h-B-k-D) est sensi-
blement l'inverse du premier trajet (A-c-
C-f-D),

- que par ce moyen le rayonnement com-
biné dans la cavité de sortie (B) est
polarisé circulairement, avec le méme
sens de polarisation que le rayonnement
admis au niveau de [l'iris d'enirée (a), au
niveau d'un iris de sortie (g) dont la
position est sensiblement l'inverse de la
position de [l'iris d'entrée (a).

Filtre selon la revendication 4, caractérisé en
ce que la fonction de filtre fournie dans chaque
trajet (A-c-C--D ou A-h-B-k-D) est elliptique ou
quasi-¢elliptique ; et
- la fonction de filtre elliptique ou quasi-
elliptique fournie dans le premier frajet
(A-c-C--D) est sensiblement la méme
que la fonction de filtre elliptique ou
quasi-elliptique fournie dans le deuxiéme
trajet (A-h-B-k-D).

Filtre selon la revendication 1, 2 ou 4, caracté-
risé en ce que :
- ledit groupement contient précisément
quatre cavités résonnantes (A, B, C et D)
; et
- lesdites cavités intermédiaires compren-
nent précisément deux cavités intermé-
diaires, & savoir lesdites premigre et
deuxi@me cavités intermédiaires (C et B).

Filtre selon Ia revendication 1, 2, 4 ou 8, carac-
térisé en ce que lesdits trois modes de réso-
nance mutuellement orthogonaux dont chaque
cavité est le sidge sont respectivement trois
directions de polarisation rectiligne mutuelle-
ment orthogonales.

Patentanspriiche

1.

Filter zur frequenz-selektiven Ankoppelung der
elektromagnetischen Strahlung aus einem
Eingangs-Hohlleiter an einen Ausgangs-Hohl-
leiter; wobei der Filter aufweist:

eine Anordnung von zumindest 4 Resonanz-
Hohlrdumen (A, B, C, und D), die einen
Eingangs-Hohlraum (A), einen Ausgangs-Hohi-
raum (D) und zumindest einen ersten und ei-
nen zweiten Zwischen-Hohiraum (C und B)
umfassen;

wobei der Eingangs- und der Ausgangs-Hohi-
raum (A und D) zusammen mit dem ersten
Zwischen-Hohlraum (C) und dazwischen be-
findlichen wellentyp-selektiven Irisblenden (c
und f) einen ersten Pfad (A-c-C-f-D) zur Uber-
tragung von elekiromagnetischer Strahlung von
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dem  Eingangs-Hohlraum (A) zu dem
Ausgangs-Hohlraum (D) definieren;

wobei der Eingangs- und der Ausgangshohl-
raum (A und D) zusammen mit dem zweiten
Zwischen-Hohlraum (B) und dazwischen be-
findlichen wellentyp-selektiven lIrisblenden (h
und k) sinen zweiten Pfad (A-h-B-k-D) zur
Ubertragung von elektromagnetischer Strah-
lung aus dem Eingangs-Hohiraum (A) zu dem
Ausgangs-Hohlraum (D) definieren;

wobei die elektromagnetische Strahlung in
dem ersten und dem zweiten Pfad (A-c-C-f-D
und A-h-B-k-D) wihrend des Betriebs des Fil-
ters in dem Ausgangs-Hohlraum (D) kombiniert
wird;

wobei der erste und der zweite Pfad (A-c-C-f-D
und A-h-B-k-D) jeweils unabhingig voneinan-
der derart konfiguriert sind, daB zwischen
Strahlung in dem Eingangs-Hohlraum (A) und
Strahlung in dem Ausgangs-Hohlraum (D) eine
Filterfunktion geschaffen wird;

dadurch gekennzeichnet, daB jeder der Hohl-
rdume eine elektromagnetische Resonanz in
jedem von drei wechselseitig orthogonalen
Wellentypen (Polarisationsrichtungen x, y und
z) wihrend des Betriebs des Filters unter-
stltzt.

Filter nach Anspruch 1, dadurch gekennzeich-
net, daB die in dem ersten und dem zweiten
Pfad (A-c-C--D und A-h-B-k-D) vorgesehene
Filterfunktion elliptisch oder quasi-elliptisch ist.

Filter nach Anspruch 2, dadurch gekennzeich-
net, daB die in dem ersten Pfad (A-c-C-{-D)
vorgesehene elliptische oder quasi-elliptische
Filterfunktion der in dem zweiten Pfad (A-h-B-
k-D) vorgesehenen elliptischen oder quasi-el-
liptischen Filterfunktion im wesentlichen ent-
spricht.

Filter nach Anspruch 1, dadurch gekennzeich-
net, daB der Eingangs-Hohlraum (A) derart be-
zliglich eines derartigen Eingangs-Hohlleiters
angeordnet und derart an eine Eingangs-Blen-
dendfinung (a) angepaft ist, daB er kreisférmig
polarisierte Strahlung aus einem derartigen
Eingangs-Hohlleiter aufnimmt und derart kreis-
férmig polarisierte Strahlung in zwei Eingangs-
Komponenten (A, und Ay} aufldst, die in zwei
gegenseitig orthogonalen Richtungen {x und y)
linear polarisiert sind;

daB die zwei linear polarisierten Eingangs-
Komponenten (A, und A,) zwei der drei gegen-
seitig orthogonalen Wellentyp-Resonanzen in
dem Eingangs-Hohiraum (A) bilden;

daB die zwei linear polarisierten Komponenten
(Ax und Ay) und hieraus jeweils abgelsitete
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Komponenten (A, C,, Gy und #Cy aus A,; und
By, -By, B, und D, aus Ay} Uber den ersten
bzw. den zweiten Pfad gekoppelt werden, um
in dem Ausgangs-Hohlraum (D) zwei jeweilige
Ausgangs-Komponenten (¥D, und #Dy) zu bil-
den, die in zwei gegenseitig orthogonalen
Richtungen (x und y) linear polarisiert sind;

daB die zwei linear polarisierten Ausgangs-
Komponenten (¥Dy und #Dy) zwei der drei ge-
genseitig orthogonalen Wellentyp-Resonanzen
in dem Ausgangs-Hohlraum (D) bilden;

dafB der Ausgangs-Hohlraum (A) bezlglich ei-
nes derartigen Ausgangs-Hohlleiters derartig
angeordnet und derart angepaBt ist, da er die
zwei Ausgangs-Komponenten (¥D, und ¥Dy) in
dem Ausgangs-Hohlraum (D) zur Bildung von
kreisfGrmig polarisierter Strahlung kombiniert
und die derartige kreisférmig polarisierte
Strahlung an eine Ausgangs-Blendend&finung
{(9) des derartigen Ausgangs-Hohlleiters ankop-
pelt; und

daB der zweite Pfad (A-h-B-k-D) im wesentli-
chen sine Invertierung des ersten Pfads (A-c-
C-f-D) darstelit;

wobei die kombinierte Strahlung in dem
Ausgangs-Hohlraum (B) mit dem gleichen Po-
larisierungssinn wie an der Eingangs-Blenden-
offnung (a) aufgenommene Strahlung an einer
Ausgangs-Blendendffnung {(g) kreisf6rmig po-
larisiert ist, deren Position im wesentlichen in-
vertiert zur Position der Eingangs-Blendendff-
nung (a) ist.

Filter nach Anspruch 4, dadurch gekennzeich-
net,

daB die in jedem Pfad (A-c-C-f-D oder A-h-B-k-
D) vorgesehene Filterfunktion elliptisch oder
quasi-elliptisch ist; und

daB die in dem ersten Pfad (A-c-C-f-D) vorge-
sehene elliptische oder quasi-elliptische Filter-
funktion im wesentlichen der in dem zweiten
Pfad (A-h-B-k-D) vorgesehenen elliptischen
oder quasi-elliptischen Filterfunktion entspricht.

Filter nach Anspruch 1, 2 oder 4, dadurch
gekennzeichnet,

daB die Anordnung genau 4 Resonanz-Hohl-
rAume (A, B, C und D) aufweist; und

daB die Zwischen-Hohlrdume aus genau zwei
Zwischen-Hohlrdumen, ndmlich dem ersten
und dem zweiten Zwischen-Hohlraum {C und
B) bestehen.

Filter nach Anspruch 1, 2, 4 oder 6, dadurch
gekennzeichnet, daB die drei von jedem Hohl-
raum unterstiitzten gegenseitig orthogonalen
Resonanz-Wellentypen drei entsprechende ge-
genssitig orthogonale lineare Polarisationsrich-
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